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光双面发光的 COB 结构。 
透镜技术提高 COB 取光率：为了提高 RGB COB LED 的取光率，以铝基板 1919 
COB LED 为研究对象，建立阵列式圆锥透镜、半椭球透镜、四棱锥透镜、半圆球
透镜、圆锥环透镜、半椭球环透镜封装 LED 模型，并利用 Tracepro 仿真软件进
行研究。仿真实验结果表明：在优化条件下，高 0.5 mm 直径 0.9 mm 的阵列圆锥
透镜封装 LED 的光通量由平面封装的 67lm 提高至 84.3lm，即取光率提高 25.8%。
在此仿真基础下，制作了 3 路控制(蓝光芯片驱动电流 7.5mA，绿光芯片驱动电
流 350mA，红光芯片驱动电流 98mA)的 RGB 芯片的多芯片 LED 样品，并用直径 1mm
的阵列半圆球透镜进行封装，对比添加透镜前后光通量的变化，加装透镜后，
COB 的光通量由原来的 140.3±0.3lm 提高到 167.5±0.6lm 提高 19.4%。对于红
光取出较低进行了分析，其主要可能原因是芯片制程工艺不同，红光芯片的侧面
发光少，而蓝光侧面出光多所致，依此原因修正了仿真设置。 
将散射理论引入荧光粉混合白光 COB 的仿真，以 Mie 散射为基础，Lighttools
软件为工具，仿真讨论了荧光粉散射特性，Mie 散射、粒径浓度、粒径分布设置、
Mie 荧光粒子对 COB 以及阵列透镜封装仿真的影响。在此基础上，将远程荧光
灯罩封装的 COB 进行仿真，结果表明：加装透镜后，COB 的光通量由原来的
374.64lm 提高到 469.56lm 提高 25.3%。根据此结果，采用 2700K、5600K 远程
荧光灯罩封装 72 颗蓝光芯片的 1919 铝基板 COB，封装透镜后其取光效率可提
高约 21.62%-22.56%，色温变化小于 100K。2700K 的远程荧光灯罩封装
COB(180mA)在添加透镜后，光通量可由 539lm 提高到 659lm，光效由 86lm/W
提高到 106lm/W，色温、显色指数基本保持不变。5600K 的远程荧光灯罩封装
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了其性能参数。该暖白光 3000K COB LED 具有 150lm/W 高光效，发光角度大于
260°，色容差小于 5SCDM。另一方面，针对 A60 470 球泡灯，采用传统点胶工
艺，设计并制作了高光效、可产业化推广的暖白光长条形玻璃基板 COB，测试
了其光色参数。该长条形暖白光 3000K COB LED 具有＞180lm/W 的高光效，发
光角度大于 250°，色容差小于 6SCDM，并进行了可靠性试验。长条形玻璃基




















LED has become a new generation of solid-state lighting source, with the advantages of fast 
response, low energy consumption, long service life, and environmental protection etc. Recently, 
high power multi-chip COB (chip on board) LED has become industrial trends, duo to their 
advantages, such as higher packaging density, higher thermal stability, wider irritation angle and 
etc. In this study, two aspects were involved to improve light extraction rate of COB. One was the 
usage of lens array to improve light extraction ot the common COB. The other was a novel 
double-sides light emitting structure of white LEDs with high light extraction efficiency, which 
was based on a novel glass substrate. 
Common COB: In order to improve the light extraction efficiency of LED, the models of 
1919 Aluminum board COB LED packaged by cone arrays, half-ellipsoid arrays, rectangular 
pyramid arrays, hemisphere array cone ring arrays and half-ellipsoid ring array were established 
and investigated by applying Tracepro sofware. The stimulation result showed that under optimal 
conditions, the luminous flux of COB LED with 0.9mm height and 0.5mm diameter cone array 
lens increased from 67lm to 84.3lm, that is, light extraction efficiency increased by 25.8%. LED 
samples with 3 ways RGB multi-chips （blue chips at current of 7.5mA, glass chips at current of 
350mA, red chips at current of 98mA）based on the stimulation result were packaged by 1mm 
diameter hemisphere array, and the light extraction efficiency increased by 19.4%. The luminous 
flux increased from 140.3±0.3lm to 167.5±0.6lm. The reason of lower light extraction of red 
light was analyzed, which was possibly due to the different fabrication process of chips, the side 
lightning of blue chips was higher that of red chips. And the stimulation configuration was 
modified. 
Scattering theory was introduced into the white light COB simulation with mixture of 
phosphors and silicone. Based on the Mie scattering theory, Lighttools software as the tool, the 
effect of Mie scattering, particle concentration, particle size distribution, Mie phosphors on the 
stimulation of COB and COB with array lens, were discussed. Based on the stimulation theroy, the 
remote phosphors lamp encapsulated COB was discussed. The stimulation showed that luminous 
flux of COB increased from 374.64lmto 469.56lm, that is 25.3%. According this result, the 
samples of the remote phosphors lamp encapsulated COB with 72 blue chips of 2700K and 5600K, 
were fabricated. After packaging lens, the light extraction increased by 21.62%-22.56%. The 
variation of Color temperature was lower than 100K. After packaging with lens, the luminous flux 
2700K COB with remote phosphors lamp increased from 539lm to 659lm and the luminous 
efficiency increased from 86lm/W to 106lm/W, while the color temperature and color rendering 
index essentially unchanged. After packaging with lens, the luminous flux 5600K COB with 
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90lm/W to 109.8lm/W, while the color temperature and color rendering index essentially 
unchanged 
Glass board COB：Transparent glass substrate as a new COB, and explore thick film surface 
metallization process of glass board to obtain the optimized process parameters. On one hand, a 
novel process of screen printing technique was proposed. And double-sides light emitting structure 
of white LEDs with high light extraction efficiency was fabricated and characterized. The resulting 
warm white LEDs with correlated color temperature (CCT) of 3000K exhibited a high luminous 
efficiency of 150w/W. The irritation angle was about 250 degree. Color tolerance was less than 5 
SCDM. On the other hand, For A60 470 bulbs, with traditional dispensing technology, warm white 
long strips of glass substrate COB, with high luminous efficiency and mass production potential, 
were designed and fabricated.. The long strips warm white 3000K COB LED exhibited a high 
luminous efficiency > 180lm/W. The irritation angle was higherr than 250 °, color tolerance was 
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第一章 绪论 
1.1 LED 封装技术概述 
1.1.1 LED 概述 
































高取光率阵列式微型透镜及玻璃基板暖白白光 COB LED 封装技术 
第 2 页 
 





图 1.1 LED 封装技术领域 
对于封装而言，其关键技术归根结底在于如何在有限的成本范围内尽可能多
的提取芯片发出的光，同时降低封装热阻，提高可靠性。概括而言，（大功率）
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在 LED 取光方面：光线在 LED 器件的传输过程中，产生的损失主要包括三
个方面：芯片内部结构缺陷以及材料的吸收；光子在出射界面由于折射率差引起
的反射损失；以及由于入射角大于全反射临界角而引起的全反射损失，因此很多







点的中功率 LED 产品应运而生，成为主流封装方式。 
2、新材料在封装中的应用。由于耐高温、抗紫外以及低吸水率等更高更好







Ra 达到 80 为标准，以 Ra 达到 90 为目标，使照明产品的光色符合能源之星要求。 
6、国际国内标准进一步完善。相信随着 LED 封装技术的不断精进，国内国






9、适用于情景照明的多色 LED 光源。情景照明将是 LED 照明的核心竞争
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1.2 LED 的封装方式及板上芯片直装式封装（COB）封装方式简述 







表面贴片(SMT)封装采取 2、4 或 6 引脚贴片电气连接的方式，将封装好的器件




大功率的 LED 的封装。传统 SMD 封装应用的系统热阻为：芯片-固晶胶-焊点-
锡膏-铜箔-绝缘层-铝材。COB 封装的系统热阻为：芯片-固晶胶-铝材。COB 封
装的系统热阻要远低于传统 SMD 封装的系统热阻，大幅度提高了 LED 的寿命。
 
(a) 直插式封装          (b) 表面贴装式封装            (c) COB 封装 
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1.2.2 COB 封装方式及其优缺点 




保护。目前常见的 COB LED 按基板材料可分为金属基板 COB 与陶瓷基板 COB，
其结构示意图，如图 1.3 所示。 
 
图 1.3 金属基板 COB 与陶瓷基板 COB 结构示意图 
与长期应用的 SMD 封装方式相比，COB 封装成本低，封装的稳定性和可靠
性提高，成为大功率 LED 封装结构发展的方向。主要具有以下优点[7]：（1）SMT
封装一般应用于 LED 单芯片封装，与 SMD 相比，COB 封装更适用于同一基板
多个 LED 芯片、阵列式封装；（2）SMD 封装界面层形成的多个热阻界面层，LED
器件的散热性能较差，相比之下，COB 封装方式界面结构简单，热阻界面较少，
器件的散热性能优良。COB 封装技术不仅提高了封装密度，而且有效降低封装
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1.3 COB LED 封装关键技术之一：提高光取出效率方法及进展 
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